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定 佳的制备方法和工艺；采用动态膜透析法对 TMZ 原料药、 佳制备工艺研
制的 TMZ-PBCA-NP 及经吐温-80 修饰的 TMZ-PBCA-NP 体外释药行为进行研
究； 后以 Wistar 大鼠为研究对象，通过比较 TMZ 原料药、TMZ-PBCA-NP 和







TMZ 在 1h 后从 TMZ 溶液中释放出来，而 TMZ-PBCA-NP 和吐温-80 修饰的
TMZ-PBCA-NP 在 24h 内总累积释放率分别为 66.03±1.61%和 62.97±1.40%，两种载
药纳米粒的体外释药规律均符合 Ritger-Peppas 方程。经大鼠尾静脉注射给药 1 小时
后，载药纳米粒，特别是经吐温-80 修饰的 TMZ-PBCA-NP，可显著提高大鼠脑内
药物含量达 2.29 倍，同时显著降低 TMZ 在心、肾部位的含量。 
结论：乳化聚合法制备 TMZ-PBCA-NP 效果优于界面聚合法；体外释药显示载
药纳米粒相比于 TMZ 原料药，在体外具有明显缓释释药能力，其释药机制主要
是 Fickian 扩散；体内分布情况表明经吐温-80 修饰的 TMZ-PBCA-NP 在体内具

















Objective: To prepare temozolomide polybutylcyanoacrylate nanoparticles 
(TMZ-PBCA-NP) with optimized process and the surface of nanoparticles was 
modified with tween-80, and then to evaluate the release characteristics of 
temozolomide in vitro and the effects of tissue distribution in rat. 
Methods: TMZ-PBCA-NP was prepared by emulsion polymerization and interfacial 
polymerization methods separately, one way experiment and orthogonal experiment 
were used to optimize the methods and preparation condition. Then the size, zeta 
potential, encapsulation ratio and drug loading of the TMZ-PBCA-NP were evaluated 
to choose the better preparation method. The in vitro drug release behavior of the 
TMZ solution, TMZ-PBCA-NP and TMZ-PBCA-NP coated with tween-80 was 
studied by using a dialysis bag diffusion technique. In order to evaluate the brain 
targeting ability of drug loaded nanoparticles, Wistar rats were used for body 
distribution studies of the TMZ solution, TMZ-PBCA-NP and TMZ-PBCA-NP coated 
with tween-80. 
Results: TMZ-PBCA-NP prepared by the optimized interfacial polymerization 
method was ellipsoidal or spherical in shape and had a rather uniform size distribution. 
The quantity of nanoparticles was not much but with good dispersion, the average size 
of the TMZ-PBCA-NP was about 175.4±10.2nm with PDI 0.21 and the zeta potential 
was -18.3±3.6mV. The encapsulation ratio and drug loading were 44.35±2.58% and 
2.31±0.47%, respectively. While the TMZ-PBCA-NP prepared by the optimized 
emulsion polymerization method was spherical in shape and had a better uniform size 
distribution. The quantity of nanoparticles was much and the nanoparticles were 
dipersed well, the average size of the TMZ-PBCA-NP was about 135.8±11.3nm with 
PDI 0.19 and the zeta potential was -24.8±2.2mV. The encapsulation ratio and drug 
loading were 44.23±2.04% and 2.80±0.05%, respectively. Approximately 80% of 
temozolomide had been released from TMZ solution after 1 h, however, by 24h the 














polysorbate-80 were 66.03 ± 1.61% and 62.97 ± 1.40%, respectively. And both drug 
loaded nanoparticles were fitted to Ritger-Peppas equations. After 1 h of post injection 
into the tail vein, both types of nanoparticles, especially nanoparticles coated with 
polysorbate-80, significantly increased the accumulation of the drug by 2.29-fold in 
brain when compared with TMZ solution. While at the same time, the drug 
concentrations with nanoparticles were significantly lower in heart and kidney than in 
the TMZ solution. 
Conclusion: The emulsion polymerization method is better than interfacial 
polymerization method in preparing TMZ-PBCA-NP. Compared to the TMZ solution, 
the TMZ-PBCA-NP and TMZ-PBCA-NP coated with tween-80 show apparent 
sustained release effect by the study of in vitro drug release, and the mechanism of 
drug release from PBCA nanoparticles would be Fickian diffusion. The in vivo results 
indicated that TMZ-PBCA-NP coated with tween-80 have a good targeting efficiency 
in brain, and it may decrease the TMZ side effects in heart and kidney and improve its 
treatment efficacy in brain. 
 








































荷物质进入脑内[3]。BBB 阻挡了 98%的小分子药物及 100%大分子药物进入脑部

































表 1 目前常用的聚合物纳米粒制备材料 
 
资料来源：Vauthier C, et al. Methods for the preparation and manufacture of polymeric nanoparticles. Pharm Res. 
2009; 26:1025-1058. 
 






图 1 所示，常用的聚合反应机制为阴离子聚合，引发剂包括有 I¯、CH3COOH¯、




























(polybutylcyanoacrylate nanoparticles，PBCA-NP)是目前少数可通过 BBB 的纳米







吐温-80（tween-80，T-80）是一种非离子表面活性剂，自 1995 年 Kreuter J[22]
发现利用吐温-80 修饰 PBCA-NP 可显著提高药物进入脑内以来，至今已有大量
研究证实利用此纳米载体系统可使药物脑内浓度大幅度提高，这些药物包括有：
抗癌药[23]、镇痛药[24]、多肽[22]、NMDA 受体拮抗剂[25]、抗生素[26]和 NSAIDS
药物[27]等。修饰吐温-80 的 PBCA 载药纳米粒靶向入脑的具体机制目前还未完
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